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Abstract

Introduction

Unlike the mechanical stylus profilometer, the laser
profilometer does not damage the surface of soft
materials. However, the accuracy of autofocusing of the
laser profilometer is not always sensitive enough to
discriminate the material/air interface from subsurface
structures of semitransparent polymers. In the present
study over ten polymeric surfaces were gold coated in
order to investigate the effect of gold coating on the
readings of a laser profilometer. Surface profiles of
some polymeric materials became much smoother even
if a very thing gold coating was applied to increase the
reflection from the surface. It was concluded that a thin
gold coating must be applied for polymeric materials
before their surfaces are to be tested by laser
profilometry.

Roughness of polymers, ceramics and metals is an
essential characteristic of the material's surface and it
plays an important role in many adhesion related
phenomena ranging from "mechanical" gluing [4] to
"biological" cell attachment and proliferation [3]. The
systems, which can sense a surface topography can be
roughly divided into two groups: mechanical systems,
such as diamond stylus profilometer or atomic force
microscope, and optical systems, such as optical stylus
profilometer or near field-scanning optical microscopy
[1] . The laser profilometer, an optical system for
scanning relatively large surface areas, is based on the
Philips compact disc pick-up head [2]. Designed for
smooth and highly reflecting surfaces, this instrument
needs special attention, when applied to materials, which
have low interfacial reflection and high bulk scattering.
It has been reported [5] that for a paper surface the laser
profilometer data were on average off by a factor of two
for a cut-off length of 0.68 mm. Looking at the
roughness of polymeric materials we found in many
cases that laser profilometry exaggerates and lifts surface
profiles. This paper summarizes our experience in laser
profilometry of polymeric materials, revealing problems
and suggesting approaches for improvement of
roughness measurement.

Key Words: Roughness, polymers, surface coating,
surface characterization, laser profilometry.

Experimental
The laser profilometer used in this study was a
device manufactured by UBM Messtechnik GmbH,
Ettlingen, Germany. The internal optical arrangement of
a UBM Dynamic Focusing Sensor is shown schematically in Fig. 1. Light from a semiconductor laser is
focused onto the measurement surface as a spot of
approximately I Jlm in diameter. This surface incident
spot is then imaged onto four photodiodes within the
sensor by means of a beam splitter, lens and prism
arrangement. The photodiode outputs are combined to
give a focus error signal, as the difference between the
light falling on the outer diode pare and the inner diode
pare. The focus error signal is used to control the
position of a moveable lens suspended within the sensor
such that the focal spot of the beam remains coincident
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Table 1. Materials used in the study
Abbreviation

Explanation

Source

PC
pp
PU
PMMA
PS
PE
Silicone
PC-MDX
PE-MDX
PE-ET

polycarbonate
polypropylene
polyurethane
poly(methyl methacrylate)
polystyrene
low density polyethylene
polydimethylsilicone
PC coated with organosilane
PE coated with organosilane
acid etched PE

Bayer (Krefeld, Germany)
80
90
ICI (Welwyn Garden City, UK)
220
Medtronic
1920
Vink (Didam, The Netherlands)
1340
Costar (High Wycombe, UK)
130
Goodfellows (Cambridge, UK)
450
Medtronic
Dow Corning (Midland, MI) (MDX) 81
Dow Corning (MDX)
91
130

UBC14 Controller

2

wn

light balance type measuring system attached to the
moveable lens. Simultaneously with recording of the lens
position (profile measurement), the device also records
the intensity of reflection as a sum of signals from the
photodiodes. The following operating conditions of the
sensor were chosen for measurement of low reflecting
surfaces: fixed maximum laser power; reflection
threshold of 2 %, which defmes the minimum surface
reflection the system will accept; hold action if surface
is lost, which means that the lens control is stopped and
the lens is locked until the reflection is higher than the
reflection threshold; focus error offset is 0 (minimum
size of spot); and normalization is on, which ensures
that on poorly reflecting sections of surfaces the control
loop does not become so slow as to lead to amplitude
and phase errors.
A mechanical stylus profilometer employed in the
study had a stylus load of 70 mg and a stylus with a 5
J.'m radius. The Atomic Force Microscope, manufactured by Topometrics Inc. (Santa Clara, CA) was
equipped with a SuperTip™ probe and was used in the
contact mode.
Materials, which were used for measurement of
roughness, are given in Table 1. In order to change the
interfacial optical properties and topographies of some
films they were surface modified. PC-MDX and PEMDX were PC and PE films, respectively, coated with
organosilanes from Dow Corning. PE-ET was aPE film
acid etched with 0.2% KMn0 4 /H2 S04 for 2 min. An
Edwards (Crawley, UK) sputter coater S 150 was used to
put a thin layer of gold onto films using a mask, shown
in Fig. 2. Gold was sputtered for 30 sec using a
standard configuration of the coater. Roughness
measurement of gold-coated or non-coated patches of
film were carried out in the X direction, while the
relative measurement of "non coated-gold coated" type
patches were performed in the Y direction.

analogue output

Sensor

Thickness'

4

3

Figure 1. UBM Dynamic Focusing Sensor: 1. Laser
diode; 2. Prism with beam splitter; 3. Beam splitter; 4.
Window; 5. Photodiodes; 6. Leaf spring; 7. Coil; 8.
Magnet; 9. Collimator lens; 10. Objective; 11. Tube;
12. Light barrier measurement system; 13. measurement
object; 14. personal computer (PC) board; 15.
Microscope with illumination; 16. cooled charge devise
(CCD) camera.
with the measurement surface. Surface displacement
measurement is accomplished by means of a second,
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Results and Discussion
A 3D scan of the PC-MDX surface, shown in Fig.
3a, reveals the main problem of laser profilometry of
polymeric materials: the UBM sensor was not always
able to focus at the top surface of material during
scanning and often it was focused at the bottom surface,
thus measuring the optical thickness of the PC film
instead of the profile of its surface. The same film after
gold coating is shown in Fig. 3b. The PC-MDX film
coated with a thin layer of gold looks much smoother,
indicating that under these conditions the sensor was
always focused at the top surface of film.
The diff\!ren~ betwetn go~d~oateJ and nun-coateJ
patches of PP film in terms of profile and reflection are
represented in Figs. 4a and 4b, respectively. The
scanning of the PP film was done in the Y direction as
shown in Fig. 2. Maximum reflection was more than
30% from gold- coated patches and about 10% from
non-coated regions, which was still much more than the
reflection threshold of 2% required for stable measurement. There is about 15 J.Lm of difference between
the average levels of gold-coated and non-coated
patches, as shown in Fig. 4a. Such a difference is not
due to the thickness of gold coating, because the
increase in the weight of the film after gold coating was
50 J.Lg!cm2 corresponding to no more than 10 nm of the
gold thickness. At the same time 15 J.Lm of the difference
between the levels of gold-coated and non-coated PP is
less than the thickness of the PP film (90J.Lm}, which
means that on non-coated patches the sensor was
probably focused at something located about 20 J.Lm
below the actual PP surface.
The change of profile between gold-coated and noncoated patches occurred before the major change in the
reflection intensity took place, as shown in Fig. 5. The
change of the reflection from 10% (non coated patches)
to 14% (a slightly coated edge of the gold covered
region of film) accounted for major difference in profile
measurement. Further increase in the thickness of gold
coating accompanied by an increase in reflection from
4% (14%-10%) to 20% (30%-10%) had no additional
effect on profile measurement. Therefore, one can
expect that even a very thin layer of gold adding just
several percent to the reflection of film may help the
sensor to keep the gold coated surface always in focus.
As expected, the surface profile of the PP film measured
in the Y direction by a mechanical stylus profilometer
did not reveal any difference between the levels of gold
coated and non coated patches of PP (data not shown},
thus confirming the total "optical" nature of the
roughness measurement shown in Fig. 4a for the
difference in levels of non-coated and gold coated PP.
In terms of roughness, a gold-coated PP surface is

Mask

Non coated region

Polymer film

Figure 2. Preparation of the partially gold coated
polymeric film with mask and gold sputtering.

(a) non-coated PC-MDX

2H

(b) gold-coated PC-MDX
0.52
·1 .91
16.25

17.11>

Figure 3. 3D profiles of non-coated and gold coated PCMDX films, measured by laser profilometer. Note the
difference in Z scales.
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Figure 4. 2D profile (a) and the intensity of reflection
(b) of gold coated PP film in Y direction (see also Fig.
2). Dashed lines approximately correspond to borders
between gold coated and non-coated regions.
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Figure 5. 2D profile (a) and the intensity of reflection
(b) of gold coated PP film in Y direction (larger scale
than in Fig. 4). Dashed lines correspond to the distance
in Y direction at which the major change in the profiles
of non-coated and gold-coated regions takes place.

very smooth if compared to a non-coated surface, as
shown in Fig. 4a. The roughness parameter Ra of
different polymeric materials are given in Table 2. Ra is
an arithmetic average of the absolute values of all points
of the profile. The higher Ra is, the rougher is the
surface. Experimental conditions for roughness
measurement were: scanning length 5.6 mm; cut of
wavelength 0. 8 mm; filter type: Gauss filter according
to DIN 4776; damping: 50%. Such a condition setting
seemed to be optimal for roughness measurement,
because neither of the studied surfaces had a Ra > 2. It
is clear from Table 1, that some polymers, such as PP,
PE-ET, PC-MDX, and PE-MDX had a different roughness before and after coating with gold, while the other
materials such asPS, Silicone, PE, PU, PMMA and PC
had the same Ra before and after gold coating. Perhaps
the reflection and the scattering were very different for
studied materials. When the intensity of scattered light
becomes higher and the intensity of light reflected from
a top interface decreases, the chance of false profile
measurement rises. Indeed, the coating of PC and PE
with wax-like MDX decreased the total reflection by

about 3-5 % and as a result the sensor was not always
able to identify the true surface of the MDX coated
polymeric films . Thin gold coating seems to increase
reflection from interface such that a true surface
roughness of polymeric materials can be again
measured.
It is unlikely that such a thin gold layer would
considerably affect roughness measurement. Indeed,
sputtered films of gold, when observed by AFM, have
a grainy structure (typical grain size < 100 nm) with Ra
of a few nm (M. Morra, personal communication). No
difference was found in roughness of gold coated and
non coated PC and gold coated PP when mechanical
stylus profilometry data were compared with laser
profilometry data, as shown in Table 2 and Table 3.
Parameters in Table 3 have the following meaning: Rpm
is the distance between the highest profile point and the
mean line of the profile averaged for five consecutive
sections of measurement trace; Sk is an amplitude
distribution skew: Sk=O if the distribution is symmetri-
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Table 2. Ra of gold coated and non-coated polymeric films. SD is for n=3.
Polymer

method of measurement

Ra, p.m

PC
PC-gold
PC
PC-gold

Laser profilometry
Laser profilometry
Mechanical stylus profilometry
Mechanical stylus profilometry

0.20±0.01
0.21 ±0.01
0.20±0.02
0.19±0.01

PC-MDX
PC-MDX-gold

Laser profilometry
Laser profilometry

1.45±0.33
0.23±0.01

pp

PP-gold

Laser profilometry
Laser p:-ofilamctry
Mechanical stylus profilometry
Mechanical stylus profilometry
Atomic force microscope*
Atomic force microscope*

0. 64±0.12
0.09±0.01
0.08±0.01
0.08±0.01
0.06±0.01
0.07±0.01

PU
PU-gold

Laser profilometry
Laser profilometry

0.14±0.02
0 . 11 ±0.01

PE
PE-gold

Laser profilometry
Laser profilometry

0.19±0.01
0.17±0.01

PE-ET
PE-ET-gold

Laser profilometry
Laser profilometry

0.18±0.01
0.12±0.02

PE-MDX
PE-MDX-gold

Laser profilometry
Laser profilometry

0.24±0.01
0.10±0.01

Silicone
Silicone-gold

Laser profilometry
Laser profilometry

0.71±0.2
0.73±0.2

PS
PS-gold

Laser profilometry
Laser profilometry

0.027 ±0.001
0.028±0.001

PMMA
PMMA-gold

Laser profilometry
Laser profilometry

0.006±0.001
0.006±0.001

PP-gold

pp
PP-gold

pp

* Ra calculated for area

100J.tm x 100J.tm

cal, Sk > 0 if peaks prevail, Sk < 0 if valleys prevail; K
is a kurtosis, K=3 if the amplitude density curve has a
Gaussian character, K> 3 for steeper profile curves,
K < 3 for smoother profile curves. It can be concluded
from Table 3 that gold coating did not cause significant
changes in roughness if determined by mechanical stylus
profilometry. Moreover, atomic force microscopy,
which operates under much higher magnification than
profilometry, did not reveal any difference in Ra of gold
coated and non coated PP film as it is represented by
data in Table 2.

Conclusion
Polymeric materials are a challenging subject for
laser profilometry, because their optical properties may
affect the profile measurement. The simple way to avoid
this problem is to sputter a gold layer on the surface of
polymeric materials. Even a very thin layer of gold,
which increases the total reflection by several percent
can dramatically improve measurements by securing the
optical sensor to be focused at the polymeric surface.
Such a thin layer of gold seems to have no considerable
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Table 3. Roughness parameters of gold coated and non coated PC determined by mechanical stylus (MSP) and laser
(LP) profilometry. Standard deviations are for n from 3 to 6.
Surface/type of pro.filometry

Ra

Rpm

Sk

K

PC/MSP
PC-gold/MSP
PCILP
PC-gold!LP

0.20±0.02
0.19±0.01
0.20±0.01
0.21±0.01

0.8±0.2
0.8±0.2
0.9±0.2
0.7±0.2

0.8±0.3
0.5±0.2
0.9±0.3
0.6±0.2

5±2
4±1
8±3
5±2

effect on the roughness parameters. There are, however,
some important questions, which were not answered in
this study: (i) why the sensor of the Laser Profilometer
is not able to keep the surface of certain polymers in
focus, despite a quite remarkable total reflection signal;
(ii) is gold an optimal material for the coating; (iii) what
are the limitations of gold coating, especially in the case
of plastic surfaces with high fluctuation of reflection
signal.

aspect worthy of a comment?
Authors: We have checked the roughness profiles of the
control gold coated PC and PE and found that the
surface of PE had many scratches, which were absent in
the case of the PC. MDX coating may fill those
scratches decreasing the overall roughness of PE. It is
also possible that the homogeneity of the MDX coating
is better on PE substrate if compared to PC. We think
that there is no measurement-related aspects, which may
contribute to observed phenomenon.
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M. Morra: Do the authors believe that Laser
Profilometry could be suitable for the measurement of
the roughness of polymer surface immersed in a liquid
medium?
Authors: Laser Profilometry can be used for the
measurement in a liquid medium. The principle for the
Laser Profilometer in this case is to have a scanning
sensor, while the standard configuration of the devices
includes a moving stage and a fixed sensor.
H. C. van der Mei: It might be important to measure all
polymers with all three techniques for a good
comparison between the different instruments.
Authors: We agree that it would be important to have
a more systematic comparison of the methods.
Nevertheless, we decided do not add any new data to

Discussion with Reviewers
M. Morra: I noticed that roughness increases after
MDX coating of PC and decreases after MDX coating
of PE. Is there any material- or measurement-related
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manuscript, because the data obtained defme the
problem and give the solution, which we believe is
enough for the scope of a technical note.

Authors: To answer the reviewer's question regarding
the oil deposition we put the vacuum pump oil on
surface of PP, and then wiped it with tissue, such that
the PP surface still remained "greasy" (no visible oil
film on top of the sample). Profile measurement showed
that there was no difference between clean PP surface
and the "greasy" PP film in terms of Ra. Therefore, the
deposition of oil during gold coating, perhaps, was not
very important for the changes of the surface profile
upon coating.

R.H. West: Could surface roughness of 0.1 mm as seen
here on the gold coated polymer films, be resolved by
field emission scanning electron microscopy (FE-SEM)?
Authors: In principle the contrast structures of 0.1 JLm
can be resolved with FE-SEM. The surface roughness of
Ra=0.1 can not be easily observed with FE-SEM, since
it is the intensity of the reflection rather than the
difference in the height that is important for a good
resolution of FE-SEM.

F. Lostak: In general, profile measurement by means of
Laser Profilometer shows the tendency to give higher
roughness parameters than the Stylus Profilometer,
especially, when surfaces with high fluctuations in
reflection are involved. Coatings may be a good solution
in certain circumstances (smooth surfaces) but not on
plastics with rough surfaces.
Authors: It is correct that the height fluctuations in
reflection might be a problem for proper Laser
Profilometry study. It is also true that the gold coating
does not decrease those fluctuations. Nevertheless, for
all the plastics used in our study, the gold coating did
not lead to increase in the measured roughness, but in
most cases it led to a remarkable decrease.

R.H. West: Have the authors assessed the minimum
quantity of gold that must be deposited to eliminate subsurface reflectivity in polymers?
Authors: We have observed that 30 sec gold deposition
resulted in approximately 50 JLg/cm2 of sputtered gold
density. Such a coating yield was more than required for
proper Laser Profilometry measurement. Although we
do not know the minimum gold yield, one can speculate
from Fig. 5 that the minimum gold yield must increase
total reflection at least 1.5 times (see Discussion).

R.H. West: Vacuum sputter coaters can deposit
contaminant species, such as vacuum pump oils, onto
surfaces. Have the authors considered that the mismatch
between the profile and reflection plots (Figs. 4a and 4b)
may be due to the deposition of low reflectivity
contaminants during sputtering?
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